Abstract: Purpose: To evaluate the effect of a Resistance training program (BT) versus weight loss diet (DR)on
INTRODUCTION
Obesity is viewed as a major public health problem whose prevalence is constantly increasing worldwide [1] . This results in obese children and adolescents, a greater increase in cardiovascular disease risk factors such as blood pressure, metabolic dysfunction and insulin resistance [2] . This represents a main determinism of metabolic syndrome observed in a large number of adolescents [3] .
In adolescents, a significant relationship between abdominal fat and cardiovascular disease risk factors was found [4] . Generally, overweight and obesity are always the result of an imbalance between energy intake and expenditure, thus leading to excessive storage of fat in adipose tissue. This is a major endocrine organ, producing a variety of regulatory factors energy metabolism and insulin sensitivity [5] .
However, it is known that the mobility gradual decrease due to obesity is a major cause of frailty, disability and muscle mass loss and strength. This results in increased difficulty in every day life activities such as walking, climbing stairs, carrying small loads, etc... Obese individuals are at increased risk with reduced physical activity Skeletal muscle is the most important regulator of lipid oxidation and can have a positive effect on the fat balance. Malfunction of lipid metabolism in the muscle was observed in obese subjects both at rest and during exercise [6] . It is well accepted that aerobic exercise has long-term positive effects on tissue sensitivity to insulin [7] [8] and the blood lipid transport [9] . The insulin sensitivity is more important than the decrease, in plasma cholesterol, low density lipoprotein-cholesterol (LDL-C) and apolipoprotein B, is considerable [10] .
Although regular physical activity provides substantial health benefits in obese adolescents, we do not know what exercise mode is more beneficial to reduce comorbidities associated with obesity among adolescents. It has been shown that aerobic exercise for 60 minutes three times a week improves levels of LDL cholesterol and triglycerides in obese children [11] , reduces abdominal fat and improves blood sugar and insulin resistance [12] [13] . Also, Strength training could reduce visceral adipose tissue. The Amercian College of Sports Medicine then recommends regular practice of progressive weight training for people with type 2 diabetes.
The Strength can be an effective strategy to increase functional independence and to decrease the prevalence of many diseases [14] . In this context, it has been shown that three to four sessions per week of progressive Strength training, increases both muscle mass and strength [14] and improves glycemic control in adults [15] [16] . Therefore, we conducted a randomized controlled study to examine and assess the effect of 12 weeks of Bodybuilding Training compared to a weight loss diet program, on body composition, insulin sensitivity and cardiovascular risk factors on obese boys adolescents. We hypothesize that, among young people, resistance exercise is associated with reduced body fat and improved insulin sensitivity as well as improvements in risk factors related to obesity.
II. Methods

2.1: Participants
Thirty adolescents participated in this study, which was supported and funded by the Ministry of Scientific Research, Technology and Skills Development of the Republic of Tunisia. The adolescent are from two preparatory schools (Mustapha Sellami and Habib Chaabouni). They were selected for this study at random. After explaining our protocol, a written authorization was signed by the parents, as required by the ethics committee in effect in Tunisia. A certificate of fitness has been established for each subject by our medical team.
According to body mass index (BMI = weight.taille-2, kg. m-2), overweight or obesity were determined. We considered obese, all adolescents with a BMI superior to the 97 th percentile of reference curves [17] . The subjects were divided into two groups by a draw. The first group (WL) undergoes only the alimentary Correction. The second group (BB) participates in Strength training program.
2.2: Body composition
Mass (Kg) of the subjects was measured with a calibrated electronic scale, standing height with stadiometer, and waist circumference (cm) with a tape. BMI was calculated for each subject using the following formula: weight/ Size2 (kg.m-2).Body fat (%) was estimated from four skinfolds (supra-iliac, biceps, triceps and subscapularis) according to Durnin and Womersley formula [18] . This fat is used to calculate the Lean Mass (LM) by the formula of Hallynck et al, [19] . 
2.3: Blood collection and biochemistry
Venous blood samples (ante-cubital vein) were performed in dry tubes under basal conditions (8 am). After centrifugation, the sera were frozen at -80 ° C until analysis. Total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and glucose levels were measured in all subjects before and after programs after 12 hours of fast using standardized techniques described by Wegge JK [20] . Low-density lipoprotein cholesterol (LDL-C) was calculated as described by the Friedewald formula [21] .
The insulin plasma concentration was determined by IRMA (Immunotech, France). The degree of insulin resistance was estimated using a model of insulin resistance homeostasis (HOMA-IR), and is calculated using the following formula: [Basal plasma concentration of insulin (μU.ml-1) × basal plasma concentration of glucose] / 22.5.
To differentiate between normal sensitivity and altered sensitivity to insulin, HOMA-IR values should be between 2.5 and 4.0 based on those suggested by a previous study Péronnet F; Masssicote D. [22] .The definition of metabolic syndrome was made according to the criteria of the World Health Organization [23] .
2.4: Dietary restriction
Dietary restriction was comprehensive and it is based on nutritional deficiencies recorded during the implementation of the nutrition survey. We opted for this method because it has been suggested through the literature, that severe dietary restriction may have positive short-term effects, but also generates a spectacular recovery of weight in the medium and long term.
During dietary correction sessions, several educational and audiovisual media (round tables, computer presentation, etc. ....) were used to inform adolescent and their parents about the balanced nutrition importance for health. In addition, these sessions are based on the amount of recommended dietary intake for this age category as well as on the proportion of macronutrients (55% carbohydrate, 30% fat and 15% protein) that must have their diet. They also aimed to reduce -500 kcal.j-1of its initial energy intakes for. The foods were chosen according to the dietary habits of the subject.
2.5: Exercice testing
The maximum strength of each muscle group concerned was examined, using a maximum concentric repetition (1-RM) [24] . The force was defined as the maximum weight that could be lifted or pulled with a limb full movement. In all tests, the subjects were verbally encouraged to perform to do their best and as quickly as possible.
2.6: Training program
The training period lasted 3 months and is designed to increase the lipid oxidation rate in our subjects.
This resistance training type was chosen because the performance of every day life activities requires both strength and muscle power. Thus, it has been reported as an effective strategy to minimize the declines related to obesity in muscle mass, maximal strength and muscle output power in obese subjects [25] . Thus, three workouts per week, for 3 months, lasting 60 min each were planned, carried out in collaboration with physical education teachers in a gym.
The Strength program included a series of 10 exercises for the majority of muscle groups 3 times / week for 60 min / session. Each training session consisted of leg press, leg extension, leg curl, pectorals, latissimus dorsi, seated row, biceps and triceps. In addition, a set of exercise push-ups and sit-ups were conducted in each training session.
During the first 6 weeks of the training period, adolescent have achieved 10 to 15 repetitions per set and 3 to 4 sets for each exercise, at 50-70% of the first repetition maximum (1.RM) with proper lifting techniques.
Over the last six weeks of the training period, loads weight were 70 to 80% of (1.RM), 5 to 6 repetitions per set and 3 to 5 sets for each exercise. In all training sessions conducted, trainers were present to guide and assist each subject to execution with rhythms and loads of suitable work. Control subjects were asked to maintain their daily activity (no participation in physical activities).
2.7: Statistical Analysis
All statistical tests were performed using STATISTICA Software (StatSoft, France). Analysis of variance (ANOVA) was applied. Fischer LSD post hoc test was performed where appropriate. Differences between Strength training (BT) and weight loss diet (DR) were analyzed using non-paired Student's t-test. A probability level of 0.05 was selected as the criterion for statistical significance. All values are expressed as mean ± standard deviation (SD).
III. RESULTS
In our study, Strength training has promoted significant weight loss, which was observed in group subjects (BT) (83.6 ± 12.9 kg before vs. 81.4 ± 12.4 kg after). A significant reduction (P <0.01) was observed in the diet group, Indeed, the body weight of the adolescent group (DR) rose from 82.3 ± 12.4 kg before to 77.5 ± 10 3 kg after this same period Table1. Anthropometric characteristics before and after program in DR and BT groups (mean ± ST).
Legend: DR, dietary restriction; BT, Strength training; BMI, body mass index; * p<0, 05; ** p<0, 01; *** p<0, 001 after versus before program
The decrease in body mass index (BMI) in both groups (DR) and (BT) follows the same trend as weight, with values respectively from 30.94 ± 3.6 kg.m-2 before to 29,14 ± 3.1 kg.m-2 after (P <0.01) and of 31.43 ± 2.8 kg.m-2 before to 30.6 ± 3.5 kg.m-2 after the training phase (P <0.05)
Our program also induces a decrease in fat mass in all our subjects. It decreases in the group (DR) from 34.3 ± 5.8 kg before to 29.4 ± 6.2 kg after 12 weeks of dietary adjustment. The same is observed for the group subjects (BT), in which fat loss in kilograms is less marked than the group subjects (DR) (-4.9 kg (P <0.01) Vs -1.9 (P <0.05) respectively).
Compared to the training group (BT), our program of caloric restriction group (DR) induced a significant decrease in waist circumference (WC) (P <0.01), it decrease from 96.9 ± 7.4 cm before to 90.7 ± 8.8 cm after the diet program.
Neither the dietary correction nor the resistance training over a period of 12 weeks could alter lean mass in all our subjects. However, a slight increase of + 0.67 ± 0.9 kg of this mass was observed in patients in (BT) (p = 0.078). The values go from 47.6 ± 7.1 kg before to 48.3 ± 6.9 kg after this period.
The HOMA-IR parameter values in pre and post program are summarized in Table ( 2). Before our program, glucose basal plasma concentrations and insulin were significantly similar in all our subjects.
Table2. Insulin sensitivity changes of two groups: DR and BT. (mean ± ST)
Legend: HOMA-IR: Homeostasis of insulin resistance; * p<0, 05; ** p<0, 01; *** p<0, 001 after versus before program.
Compared to the group (DR) Table (2) shows a significant decrease in insulin basal plasma concentrations in subjects of (BT). This is of -4.9 ± 1.8 uU / ml (p <0.05). The significant decrease in the HOMA-IR values of training group (BT) reflects improved insulin sensitivity. Its value, decreased from 4.53 ± 1.2 before to 3.47 ± 1.4 after the training program (p <0.05). No significant change in glucose basal plasma concentrations in patients of both groups.
Table3. Lipid changes of two groups: DR and BT. (mean ± ST)
Legend: HDL-C, height density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC, Total cholesterol; TG, triglyceride, * p<0, 05; ** p<0, 01; *** p<0, 001 after versus before program As shown in Table 3 , after 12 weeks resistance training, the plasma concentrations of TG and HDL-C have been significantly improved. Similarly, we recorded in the same subjects (BT), the LDL-C/HDL-C reports, TC / HDL-C and HDL-C / TG lowered (p <0.05).
For group subjects (DR), our dietary restriction program induced a significant decrease for only the TC and LDL-C. The values were respectively 4.46 ± 0.24 before to 4.15 ± 0.37 after (p <0.05) and 2.68 ± 0.18 before to 2.42 ± 0.14 after (p <0.05).
IV. DISCUSSION
We examined the effects of 12 weeks of Strength training versus calorie restriction on body composition, abdominal fat, lipid profile and insulin sensitivity in obese sedentary adolescent boys.
It has been shown that weight loss induced by either exercise or diet improves insulin sensitivity [26] [27] . Our data extend these observations and suggest that Strength exercise without caloric restriction is associated with an improvement of 23.6% of the insulin sensitivity in the group (BT). Our findings are consistent with the Rice et al conclusions [28] .
It has been reported that the insulin sensitivity improvement, is associated with improved skeletal muscle mass [29] . Thus, significant improvements in insulin sensitivity in the Strength group, are likely to be partly explained by a significant increase in skeletal muscle mass. In addition, it was demonstrated, in a recent study, that improved insulin sensitivity after Strength training is the result of muscle mass increase without altering the intrinsic ability of the muscle to respond to the insulin [30] . Finally, muscle mass increase can have a significant effect on glucose tolerance and insulin sensitivity. Similarly, this increase could enhance the storage area of glucose available, thus facilitating the release of glucose from the circulation and reduce the amount of insulin required to maintain a glucose normal tolerance [29] [30] [31] . Eriksson et al. [32] found that after 3 months of resistance training, improved glycemic control is strongly correlated with the muscle size.
After 12 weeks of Strength training proposed to our subjects, body composition changes were illustrated. They are characterized by a reduction in body weight, BMI and body fat retaining fat free mass. Thus, the average loss of body mass of all of our subjects was -3.5 kg. Our findings are concomitant with the previous studies results [33-34-35-36] . This loss of body mass is substantially similar to that found by Lazzer et al. [35] [36] and higher than that found by [34] .
In addition, the body mass loss recorded in our study varies in accordance with the groups. It is important in (DR) compared to those of (BT). The (DR) group lost -4.8 ± 2.7 kg, while (BT) lost only -2.1 ± 0.8 kg. Several hypotheses could be advanced to explain this variety of intergroup response. The main finding is that the isolated use of dietary restriction has positive effects on the reduction of the child body weight [37] [38] . The decrease in body weight observed in group subjects (DR) is therefore consistent with the progress of this work and therefore could be explained by a reduction in caloric intake.
The results of this study show an unfavorable response of plasma TC and LDL-C to strength training. By cons, adolescents who have undergone the caloric restriction, showed a significant decrease in TC and LDL-C (p <0.05). These results are consistent with most studies which showed that there is no improvement in lipid profiles after resistance training program [39-40-41] . Indeed, two other studies have concluded that resistance training does not seem to change blood lipid and lipoprotein levels [42] [43] .Surprisingly, no changes in the lipid profile were found in the (DR) group, even though significant differences were observed in the body mass loss and fat mass. Whereas no clear dose-response relationship between weight loss and lipid modulations could be determined, it seems that testing undergoing weight reduction > 5% of initial body weight appear to observe the most significant changes of TC concentrations and LDL-C [44] . However, it was the case with our group (BT), in which a decrease of approximately 2, 2% was not translated to TC an improvement and LDL-C.
Based on these results, it should be deduced that Strength exercise was the main factor responsible for the improvement of the lipid profile in our group (BT). Such finding confirms the results of Fahlman et al. [45] who found that resistance training for 10 weeks, improves the lipid profile of overweight women without concurrent changes in weight or diet.
As for the significant increase of HDL-C in group (BT). This finding is at odds with most results of the literature. Indeed, Durstine et al. [43] [44] [45] [46] Hellenius et al. [47] concluded that if there is a weight loss induced by either dietary intervention or exercise, HDL-C rates decreases or does not change.
In our study we showed that dietary restriction alone produces changes in the lipid profile of our subjects. At the end of this intervention, group subjects (DR) lowered its values in TC and LDL-C. By against in group subjects (BT), the Strength training, improves first, the ability to oxidise lipid to exercise and the other hand, it induces a decrease TG and an increase HDL-C. In addition we found an increase of HDL-C/TG report and lipid oxidation rates at maximal exercise and decreased HOMA-IR.
Several studies indicate that obesity is a major risk factor for cardiovascular disease [2] . In humans it was found that, increased values in TC and LDL-C and decreased HDL-C are associated with a high risk of developing atherosclerosis [48] . In addition, a decreased HDL-C concentration is commonly seen as a reflection of insulin resistance [49] .
It was also suggested that the TC / HDL reports and LDL / HDL, are more interesting preachers of cardiovascular disease than isolated values of HDL, LDL and TC [50] . The evidence that supports this assumption, derived from the adaptations induced by our program in group subjects (BT), resulting thus in a reduced risk of cardiovascular disease. In these subjects, significant decreases in plasma concentrations of TC, LDL-C, TC / HDL-C, and LDL-C/HDL-C were observed. These were greater than in group subjects (DR).
The main conclusions of this study are that Strength training at an intensity of 50-80% (1.RM) in obese adolescents, has led to significant improvements in body composition, insulin sensitivity and the factors cardiovascular risks. These observations suggest that three resistance training sessions per week could serve as an effective strategy for the adolescent obesity treatment. It can have a significant practical interest for the optimal design of training programs for obese adolescents.
V.
CONCLUSION
The main conclusion is that a caloric restriction program or Strength training has resulted in significant reductions in total fat, and risk factors and cardio-respiratory fitness improvement in obese adolescent boys. In addition, resistance exercise has been effective in improving insulin sensitivity, skeletal muscle mass and muscle strength. Our results have important implications for health and provide therapeutic strategies for health care professionals for the childhood obesity treatment and reduce insulin resistance in moderately obese boys.
